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System and Method for Deliyering a Target Yohune of FBuid 



Technical Field and Background Art 



The present invention relates to fluid delivery systems, and in particular to 
systems and methods for accurately delivering a target volume of fluid to a destination. 

Such systems regulate the rate of flow of fluid through a line. Some examples of 
fluid delivery systems are peritoneal dialysis machines and intravenous fluid delivery 
systems. These systems may include a permanent housing which does not come into 
direct contact with the transporting fluid and into which a fluid-exposed disposable 
cassette is placed. The disposable cassette includes flexible membranes, or other 
structures that respond to pressure and that separate the permanent components from the 
fluid being deHvered. Examples of such fluid delivery systems and their sub-components 
(e.g., pressure conduction chambers, flow measurement systems and valves) are disclosed 
in U.S. Patent Numbers 4,778,451, 4,826,482, 4,976,162, 5,088,515, 5,178,182 issued to 
Kamen, U.S. Patent Number 5,989,423 issued to Kamen et al. and U.S. Patent No. 
6,503,062 issued to Gray et al. These patents are all hereby incorporated herem by 
reference. 

One problem with respect to fluid deUvery systems, such as in peritoneal dialysis, 
arises when treating subjects with low fill volume capacities, such as a child. For 
example, in peritoneal dialysis systenis, a fiU volunae of 1000 rdL or less generally 
indicates a low fiU volume while fiU volumes of greater than lOOO mL are typical for an 
average adult's fill volume. Thus, a single fluid deMveiy system may not be appropriate 
for treating bpth an average adult and a child. 

Another problem arises With respect to fluid delivery systems when two or more 
fluids fipm two or more sources must be delivered to a subject or patient simultaneously 
and m a particular ratio. It is difficult to maintain a consistent ratio of tiie different fluids 
for simultaneous delivery to the subject because each source may deliver its solution to 
the system at different rates and/or in different volumes. Consequently, it is difficult to 
maintain a consistent ratio of the different fluids in tiie fluid delivery system at any one 
time. 
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SnnriTnarv of the Bivention 

In a first embodiment of the invention, a method for delivering a target volume of 
fluid to a destination includes delivering a first volume of fluid to the destination in 
increments each having approximately a first incremental volume, the first volume of 

5 fluid being less than the target volume. A second volume of fluid is then delivered to the 
destination in increments each having approximately a second incremental volume. The 
second incremental volume is less than the first incremental volume, and the smn of the 
first volume and the second volume is approximately equal to the target volume. 
Delivering the first and second volumes of fluid to a destination may include delivering 

10 the first and second volumes of fluid parenterally to a human subject. Similarly, 

delivering the first and second volumes of fluid to k destination may include delivering 
the firat and second volumes of fluid to a fluid reservoir and/or delivering the first and 
second volumes of flidd to a container. Such a container may be a heating bag, such as 
may be used in conjunction with a peritoneal dialysis system, and/or a pump chamber. Jh 

15 accordance with a related embodiment, the first volume may be approximately equal to 
the target volume minus a finish volume and the second incremental volume may be less 
than the finish volume. In a related embodiment, the second incremental volume may be 
less than one third the finish volume. 

In accordance with another embodiment of the invention, a system for delivering 

20 a target volume of fluid to a destination includes a fluid control module for delivering a 
first volume of fluid to the destination in increments each having approximately a first 
incremental volume, the first volume of fluid being less than the target volume. The fluid 
control module also deUvets a jsecpnd volume of flm^ 

each having approximately a second ihcrernental volume, the seqond increniental volume 

25 being less than the first incremental volume. The sum 6f the first volume arid the isecond 

volume is approximately equal to the target Vblimae^ The system also includes a valve 

arrangement for controlling fluid communication to the destination and a controller for 

deteniiiiiihg the volume of fluid delivered to the destination arid for controlling the v0lve 

arrangement and the fluid control module. Tlie fluid control mod^^^ 

30 arid second volumes of fluid to a human subject and the first and second volumes of fluid 

may be delivered parenterally. Similarly, the fluid control module may deliver the first 

and second volumes of fluid tb a fluid reservoir and/or a container such as a heatmg bag 

and/or a pump chmriber. 

In accordance with related embodiments, the first volume may be approximately 

2 
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equal to the target volume minus a finish volume and flie second incremental volume may 
be less than the finish volume. For example, the second incremental volume may be less 
than one third the finish volume. 

In accordance with a further embodiment of the invention, a method for 

5 simultaneously delivering a target volume of fluid from two sources in a desired ratio to ^ 
common destination includes delivering a first volume of fluid from a first soiuce and a 
second volume of fluid firom a second source to the destination in increments each having 
approximately a first incremental volume, the first incremental volume of fluid being 
substantially less than the target volume. After deliveiy of a first incremental volume of 

10 fltud from the first source and the second source, the volume of fluid delivered to the 

destination from tho first source and the volume of fluid delivered to the destinatioii from 
the second source is measured. Delivery of the first volume of fluid to the destination is 
suspended when the first volume exceeds the second volume by a fraction, which may be 
a predetermined fraction, of the first incremental volume. A first incremental volume of 

15 fluid from the second source is delivered to the destination, and delivery of the first 
volume of fluid to the destination is resumed. 

In accordance with related embodiments, the first incremental volume of fluid 
may be less than one quarter of the target volume. In accordance with further related 
embodiments, the desired ration may be 1:1 and the predetermined fraction may be one 

20 half. Delivering the first and second volumes of fluid to a destination may include 
delivering the first and second volumes of fluid parenterally to a human subject. 
Similarly, delivering the first volume and second Volumes of fluid to a destinatioii may 
include delivering the first and second volumes of fluid to a fluid reservoir and/or 
contaiiier, and such ia containeir may be a heating bag and/or a pump chamber. 

25 Iti accordance with other related embodiments, the met^ 

determining that approximately the target volume of fluid has been delivered to the 
^ destination and measuring the volume of fluid deUvered to 

source and the volnme of fluid delivered to the destination from the second source. A 
third volume of fluid from the sbiu:ce that has delivered a small<dr volvime of fluid to the 

3d destinaition may then be delivered in increments each having approximately a second 

incremental volume, the second incremental volume being less than the first incremental 
volume, such that the volume of fluid deUvered to the destination from the first source 
and the volume of fluid delivered from ithe second source are in approximately the desired 
ratio. The sum of the first volume and the second volume may be ^proximately equal to 
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the target volume minus a jBnish volume, and the second incremental volume maybe less 
than the finish volume. In one related embodiment, the second incremental volunie is 
less dian one diird the finish volume. 

In accordance with another embodiment of the invention, a system for 
5 simultaneously delivering a target volume of fluid from two sources in a desired rado to a 
common destination includes a jBrst fluid soxurce, a second fluid source^ and a fluid 
control module. The fluid control module delivers a first volume of fluid from the first 
fluid source and a second volume of fluid from the second fluid source to the destination 
in increments each having approximately a first incremental volume, the first incremental 
10 volume being substantially less than the target volume. The fluid control module also 
measures the volume of fluid delivered to the destination from the first somce and the 
volume of fluid delivered to the destmation from the second source, suspends delivery of 
the first volume of fluid to the destination when the first volume exceeds the second 
volume by a fraction, which may be a predetermined fraction, of the first incremental 
15 volume, and resumes delivery of the first volume of fluid to the destination. The system 
also includes a valve arrangement for controlling fluid communication between the 
destination and first and second fluid sources and a controller for determining the first 
and second volumes of fluid, the first incremental volume of fluid, and for controUiag the 
valvC: arrangement and the fluid control module. 
20 In accordance with related embodiments, the first incremental volume may be less 

than one quarter of the target volume. Additionally, the desired ratio may be 1 : 1 and the 
predetennined fraction may be approximately one half. In accordance with yet further 
related embodiments, the fluid control module may deliver the first and second volumes 
of fluid to a huin^ subject, and the fluid control module may deliver the first and second 
25 voluiries of fluid parenterally. Similarly, the fluid control modMe may deliver the fiirst 
and second volumes of fluid to a fluid reservoir and/or to a coiitainer. Such a container 
. inay be a heating bag and/or a pump chamber. The controller may also determine that 
; apprpxiinately the ttoget volume minus a fi^ delivered to thp 

destinatioiL Further, the fluid control module may measure th6 volume of fluid delivered 
30 to the destitiafion from the first source and the volume of ifluid delivered to the destination 
from the second isource and deliver a third volume of fluid from the source that has 
delivered a smaller volume of fluid to the destination. The third volume of fluid may be 
deUvered in increments each having ^proximately a second incremental volume^ The 
second iucremental volume may be less than the first indceinental Volume, such that the 

4 
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volume of fluid delivered to the destination from the first source and the volume of fluid 
delivered from the second source are in approximately the desired ratio* Further, the sum 
of the first and the second volumes may be approximately equal to the target volume 
minus a finish volume and the second incremental volume may be less than the finish 
5 volume. For example, the second incremental volume may be less than one third the 
finish volume. 

Id accordance with a further embodiment of the invention, a system for delivering 
a target volume of fimd to a destination includes fluid delivery means for delivering a 
first volume of fluid to the destination in one or more fiurst incremental volumes, the first 

ro volmne of fluid being less than the target volume, and delivering a second volume of 
fluid to the destination in one or more second incremental volumes, the second 
incremental volume being less'than the first incremental volume. The systein also 
includes measuring means for measuring the volume of fluid delivered to the destination 
and control means for controlling the fluid delivery means. 

15 In accordance with another embodiment of the invention, a system for 

simultaneously delivering a target volume of fluid from two sources in a desired ratio to a 
common destination includes a first fluid source and a second fluid source. Fluid 
delivery means delivers a first volume of fluid from the first fluid source and a second 
volume of fluid from the second fluid source to the destination in one or more first 

20 incremental volvunes, the first incremental volume being, substantially less than the target 
volume. Measuring means measures the volume of fluid delivered to the destination from 
the first source and the voluniie of fluid delivered to the destination from the second 
source. Control means suspends delivery of the first volume of fluid to the desftination 
when the first volume exceeds tiiie desired ratio with respect to the second vpluime by a 

25 fraction, which may be a predetermined fraction, of the first incremental volume and then 
resumes delivery of flie first volume of fluid to the destination. 

In accordance with a further embodiment of the invention, a system for 
simultaneously delivering a target volume of fluid from tw6 sources in a desired ratio to a 
common destination includes a first fliiid source and a second fluid source. The system 

30 also includes fluid delivery means for delivering a first volume of fluid frorn the first 

fluid source and a second volume of fluid from the second fluid spurce to the destination 
in one or more first incremi^ntal vblimies, the first incremental volume being substantially 
less than the target volume, and measuring means for ineasuring the volume of fluid 
deUvered to the destination from the first source and the volume of fluid deUver^^ 



wo 03/086509 



PCIP/1LJS03/11090 



destinadbn firom the second source. The control means suspends delivery of the first 
volume of fliud to the destination when the first volume exceeds the second volume by a 
fraction, which may be a predetermined fraction, of the first incremental volyme and 
resumes delivery of the first volume of fluid to the destination* In accordance with 
related embodiments, the desired ratio may be 1:1 and the predetermined fraction may be 
approximately one half . 

Brief Description of the Drawings 

The foregoing features of the invention will be more readily understood by 
reference to the following detailed description, taken with reference to the accompanying 
drawings, in which: 

Fig. 1 is a perspective view of an automated fluid delivery system that may be 
used in conjunction with the present invention; 

Fig. 2 is a flow chart illustrating a mettiod for delivering a target volmne of fluid 
to a destination in accordance with an embodiment of the invention; 

Fig. 3 is a flow chart illustrating a method for simultaneously delivering a target 
volume of fluid from two sovirces in a desired ratio to a common destination in 
accordance with another embodiment of the invention; 

Fig. 4 is a flow chart illustrating a method for simultaneously delivering a target 
volume of fluid from two sources in a desired ratio to a common destination in 
accordance with yet another ernbodiment of the invention; and 

Rg. 5 is a block diagram illustratihg one example of a system for employing the 
ftidthodis of Figs. 3 and 4. 

. -Bettailed Bescription of SpecfficiEmbodiniieiiits • , 

fig: I is a perspective view of an automated fltud managenaent system that may 
b€J used in conjunction with the present invention^ The system 100 includes a liquid 
siipply and delivery set 102, a fluid control module 104 that interacts with the delivery set 
102 to piimp liquid through it, and a controller 106 that governs the interaction to perform 
a selected procedure, hi the depicted embodiment, the fluid control module and 
controUer are located within a cbii^ 

The fluid c6ntr61 module^ 104 utilize:^ a pnetimatic puibping action to emulate 

gravity flow, regWdlesis of ih6 pb^ition of the source solution bags 184. The piunj^iag 

6 
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action may be the result of pressurizing one or more fluid chambers tiirough use of a 
control gas or liquid, or other methods known in the art, such as pumps, pistons, piezo- 
electric mechanisms, pressurized reservoirs, valves, clamps and vents. As noted above, 
these pressurizing devices are explained in greater detail in the patents referenced above 

5 and incorporated herein by reference. 

The controller 106 carries out process control and monitoring functions for the 
fluid control module 104. The controller includes a user interface 167 with a display 
screen 137 arid control pad. The interface 167 presents menus, sub-menus and status 
information to the user during a therapy session. The interface 167 also allows the user to 

10 enter and edit therapy parameters, and to issue therapy cotmnands. In one embodiment, 
the user interface 167 receives characters from a keypad, displays text to the display 
screen 137 and sounds an alarm when appropriate. The control pad may include a "Go" 
key 135, which when pressed causes the interface 167 to display a main menu on the 
display screen 137 for initiating a therapy session, and a "Stop" key 139 which when 

15 pressed causes a therapy session to cease. The interface 167 may also include keys 133 
for traversing through the information and menus displayed on the display screen 137 and 
an "Enter" key 134 for causing data to be input to the system or for selecting an entry 
from the menus. 

hi the illustrated embodiment, the controller 106 comprises a central processing 
20 unit. The central processing unit naay eniploy conventional real time multi'-tasking to 

allocate tasks. The central processing unit may itself be programmable or alternatively, it 
may run under the direction of a software, middle-ware or hardware program extemal to 
thesystem. 

In use, for exiainple as a peritoneal dialysis system, the user connects the set 102 
25 to his/her ihdwelling peritoneal catheter 108. The user also cdnnkits the set 102 to 

individual bags 184 containing peritoneal dialysis solution for infusion. The set 102 also 
, connects to a heating bag 180 in which the dialysis solution is heated to a desired 

temperature. In accordance with an embodiment of the invention described in niore detail 
below, two or more fluids from different sources may be simult^eously punqiped to the 
30 heating bag in a desired ratio. 

The controller 106 paces the fluid control module 104 through a prescribed series 
Of fill, dwell, and drain phases tj^ical of an automated peritoneal dialysis procedure. 
During the fill phase, the fluid cdhtrolxnodule 104 infuses the heated solution through the 
set 102 and into the patient's peritoneail cavity. Following the dwell phase, the fluid 
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control module W4 institutes a drain phase, during wtiich the fluid control module 104 
discharges spent dialysis solution from die patient's peritoneal cavity through.the set into 
a nearby drain. 

The delivery set 102 includes a cassette (not visible) which mounts inside a holder 
5 in the fluid control module 104. The cassette serves in association with the fluid control 
module 104 and the controller to direct liquid flow among multiple fluid sources and 
destinations that an automatic peritoneal dialysis procedure requires. The cassette forms 
an array of interior cavities in the shapes of wells and channels. The interior cavities 
create one or more pump chambers and one or more paths to convey fluid. The interior 
10 cavities also create one or more valve stations to interconnect the fluid paths with the 
pump chambers and with each other. The niunber and arrangement of pump chambers, 
liquid paths and valve stations can vary. Such a cassette is described in U.S. Patent No. 
5,989,423 and U.S. Patent No. 5,178,182 both of which, as noted above, are incorporated 
herein by reference. 

15 In order to accommodate patients with small abdoniinal cavities, a new process 

and system is presented that limits the available fill volume. A clinician will be able to 
select a "low fill mode" from among the modes avsdlable on the fluid delivery system. 
For example, when the low fill mode is on, the fill volumes available will be linodted to a 
range of 60-1000 irfL, 

20 Since the fill volumes for the low-fill mode may be as small as 60 mL, it is 

necessary to achieve a high level of targeting accuracy for these applications. An 
acceptable range of accuracy may be, for example, +5 mL/-10 mL. It may also be 
desirable that confomiing to this accuracy specification does not take substantially longer 
than a standard fill. 

25 . The targeting accuracy is improved by executing ambie mteraiitteM 

the last phase, in which the incoming flow is stopped one or more times to perform a 
volume measurement and assess progress. The nominal operation of this fill routine does 
not result in fills that consistently stop at the low end of the tolerance; instead the nominal 
operation should fill to tibe inidrpoint of the tolerance range, lliis fill routine e^)ecially 

30 improves performance for low-fill applications. 

Hg- 2 iUustrates a method (i:e., a fiU routine) for deU^^ 
fluid to a destination in accordance with one embodiment of the invention. Such a 
destination may be a human subject, the heating bag 180, a reservoir, a fluid container or 
pump chamber as illustrated with respect to Fig. 5. The fluid naay further be delivered to 

8 
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the human subject parenterally. The method includes delivering 201 a first volume of 
fluid to the destination in increments each having approximately a first incremental 
volume. The first volmne of fluid is less than the target volume by an amount at least as 
large as the first incremental volume. For example, if tbe target voltmae is 500 mJL, the 
5 first incremental volume may be 10 to ^50 roL. A second volume of fluid is then delivered 
202 to the destination in increments each having approximately a second incremental 
volume. The second incremental volume is less than the first incremental volume, and 
the sum of the first volume and the second volume is approximately equal to flie target 
volume. For example^ if the first incremental volume is 15 mL, then the second 
10 incremental volume may be 1 to 3 mL. Note that a plurality of first incremental volumes 
may be delivered before delivering the second volume. Thus, to achieve a target volume 
of 500 mL, the first volume may be approximately 485 mL, delivered in thirty or naore 
first incremental volumes of approximately 15 mL each, before die second volume of 
fluid is delivered in the second incremental volumes of approximately 1 to 3 mL each. 
15 Thus, the first volvune may approximately equal the target volume nainus a finish volume 
(i.e., the second volumes) and the second incremental volume may be less than the finish 
volume. For example, the second incremental volume may be one third the finish volume 

Fig. 3 is a flow chart illustrating a method for simultaneously delivering a target 
volume of fluid from two sources in a desired ration, in this case in a 1:1 ratio, to a 
20 common destination. Again, such a destination may be a human subject, the heating bag 
180, a reservoir, a fluid container or pump chamber. Further, the fluid may be delivered 
to a human subject parenterally. In a first step, a first volume of fluid from a first source . 
and a second volume of fluid from second source is delivered 301 to Ae destination in 
increments each having approximately a first incremental volume. . The first Volume may 
25 be nieasured in one or more of the pump chambers discussed aboS^^^^ in connection with 
the fluid delivery system of Fig; 1 and in connection with the system Fig. 5. hi one 
eiribodiment, for example, the volume measurement systems of U.S; Patent Nos. 
4,976,162 and 4,826,482 (incorporated herein above) are employed. The first 
incremental volume of fluid is substantiaUy less than the targe^VG In one 
30 embodiment, the first incremental volume is less than one quarter of the target volume. 
However, the fiirst incremental volume may be less than the target volume by any desired 
fraction, such as one eighth, one third. One half, two thirds, etc. . 

Mter deKvery of a first increme;^tal volume of fluid from e^^ 
and the second source, the volume of fluid delivered to the destination firom the Gist 



source and the vqlmne of fluid deliveied to the destination from tbe second source is 
measured 302. Such delivery may occur simultaneously and such measurements may be 
performed by the controller 106 by usmg pressure transducers contained in the fluid 
control module 104 or other fluid volume measuring apparatuses. Delivery of the first 

5 volimie of fluid to the destiuation is suspended 303 when the first volume exceeds the 
second volume by a fraction, which may be a predetermmed fraction, of the first 
incremental volume. For example, delivery of the first volume of fluid to the destination 
may be suspended when the first volume exceeds the second volume by approximately 
one half of the first incremental volume in order to attain a 1: 1 one ratio. A first 

10 incremental volume of fluid is then delivered 304 to the destination firom the second 

source, and delivery of the first volume of fluid to the destination is resumed 305. It will 
be appreciated that this process may be adapted for a desired ratio other than one-to-one. 
Li such a case, flie fluids from different sources may be delivered by incremental volumes 
that are the same or that are different from each other. It will also be appreciated that this 

15 process may be adapted for use with fluids from more than two different sources. 

Fig. 4 is a flow chart illustrating a method for simultaneously delivering a target 
volume of fluid from two sources in a desired (such as a one-to-one) ratio to a common 
destination in accordance with yet another embodiment of the invention. The procedure 
begins in a manner similar to that shown with respect to the embodiment of Fig. 3. That 

20 is, a first volume of fluid from a first source and a second volume of fluid from second 
source is delivered 401 to the destination in increments each having approximately a first 
incremental volume. Hie first incremental volume of fluid is less than the target volume. 
In this case thi& first incremental volume is less tiian one quarter of the target volume. 
However, as noted above the fikst inciemental volu may be less than the target volume 

25 by any desired ratio. After deli very of a first incremental voKun^^ of fluid from each of 
the first soiKce and the; second source, the volume of fluid delivered to tiie destination 
from the fhrst source and the volume of fluid delivered to the destination from the second 
source is m^easured 402. 

106 by using pressure transducers contained in the fluid control module 104 or other fluid 
30 volume measuring means. Delivery of the first volume of fluid to the destination is 
suspended 403 when the first voluine exceeds the second voluine by a fraction, which 
may be a predetermined fraction, of the first incremental volume, in this case by one half 
the first incremental volume. A first incremental volume of fluid is; then delivered 404 to 
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the destination from the second source, and delivery of the first volume of fluid to the 
destination is resumed 405. 

In order to assure that the target volume is delivered in the desired ratio, a 
determination is made 406 when approximately the target volume of fluid has been 
delivered to the destination. The volume of fluid delivered to the destination from the 
first source and the volume of fluid delivered to the destination from the second source 
are then measured 407. Following this measurement, a third volume of fluid from the 
source that has delivered a smaller volume of fluid to the destination is delivered 408 in 
increments each having approximately a second incremental volume. The second 
incremental volume is less than the first incremental volume. As a result of delivering the 
third volume of fluid, the sum of tlie volume of fluid delivered to the destination from the 
first source and the volume of fluid delivered from the second source are in 
approximately the desired ratio, in this case a one to one ratio. The first volume and the 
second volume may each be approximately equal to the target volume minus a finish 
volume. Similarly, the second incremental volume may be less than the finish volume by 
any desired fraction. For example, in this embodiment, the second incremental volume 
may be one third the finish volume. 

A system similar to the one described with respect to Fig. 1 may incoiporate the 
processes described above. In this case the fluid control module 104 or other fluid 
delivery means such as those disclosed in the patents incorporated above, delivers a first 
volume of fluid to the destination in increments each having, approximately a first 
incremental volume, the first volume of fluid being less than the target volume. The fluid 
control module 104 will also deliver a second volume of fltiid to the destmation in 
increments eadi having approximately a second incremieintal voliime. Here again, the 
second incremental volume is less than the first incremental wltSine, such that the sum of 
the first volume and the second volume is approximately equal to the target volume. The 
system additionally includes a valve arrangement, shown generally at 105 for controlling 
fluid communication between the fluid source or sources and the destination as well as a 
controller, such as controller 106 or other control means such as a microprocessor or 
computer. The controller 106 determines the volume of fluid delivered to the destination 
and for controls the valve arrangeinent 105 and the fluid control module 104. The 
controUer 106 may also determine when approximately the tarjget volume mintis a finish 
volume of fluid has delivered to the destination. In addition, the fluid control module 104 
may measure the volume of fluid deUvered to the destination from the first source and the 
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volume of fluid delivered to the destination from the 5econd.source. The fluid control 
module 104 may then deliver a third volume of fluid from the source that has delivered a 
smaller volume of fluid to the destination in increments each having approximately a 
second incremental volume. 

5 Fig. 5 is a block diagram illustrating an example of a system for employing the 

methods of Figs. 3 and 4 above. The system includes a first fluid source 501 and a 
second fluid source 502. The first fluid source 501 is in fluid communication with a first 
pump chamber 507 via valve 503 and the second fluid source 502 is in fluid 
communication with a second pump chamber 510 via valve 505. Pump chamber 507 is 

10 also in communication with a volume measurement system 508 and pump chamber 510 is 
in corpmunication with volimae measurement system 509. Alternatively , each pump 
chamber 507 and 510 m^y be m communication with a common volume measurenient 
system. Each of the pump chambers 501 and 502 may include flexible membranes as 
described in the above referenced and incorporated patents. Similarly, each of the 

15 volume measurement systems 508 and 509 may include pressure transducers and positive 
and/or negative pressiure reservoirs as are also described in the aforementioned 
incorporated patents. Each of the pump chambers 507 and 510 is in fluid coinmunication 
with a destination 511 via valves 504 and 506 respectively. As -noted above, the 
destination 511 may be a human subject, a reservoir, a container, such as a heating bag, or 

20 another, perhaps larger, pump chamber. 

In accordance with one embodiment, the goal is to separately track the volumes 
moved from each fluid source 501 and 502 and to ensure that the difference between the 
fluid delivered from each of the two fluid sources never varies by moje than half the 
volume of a^pi^np chamber. Jhis is achieved by performing in-phase pumping such that 

25 both pump chambers 507 and 510 fill and deliver in sync. Fdir exatmple, if each pump 
chamber holds .15 mL, and it is determined that one pump chamber, for example pump 
chamber 507, has delivered at least 7.5 mL more fluid to the destination 511 than the 
other pump chamber 510^ then fliaid delivery from pump diamber 507 will be isuspended 
while pump chamber 510 performs a: catch^up stroke. Such a Sbtermination is made by 

30 measuring the fluid vpluihes of each pump chamber 507 510 for each piimping stroke 
via^ volume measurement systems 508 and 509 respectively. (It should be noted tihat 
while each pump chamber 507 and 510 may have a capacity of 15 mL, somewhat less 
than 1 5 mL of fluid may be delivered to and by each pump chamber dupag any single 
pumping stroke.) 



W€lr03/086509 



PCT/OS63/ii096 



When the target volume (&e volume of fluid intended to be delivered to the 
destination) has been delivered to the destination 511, the pump chamber, perhaps pump 
chamber 510, that has delivered the most fluid to the destination 511 will stop pumping. 
The pump chamber which has deUvered the least amount of fluid, in this case pump 

5 chamber 507, will then switch to a "targeting mode** in which a niaximmn of 3 mL of 
fluid is delivered to the destination 511 per pump chamber stroke. This targeting mode 
insures that a 1 : I ratio (or other desired ratio) between fluid delivered to the destination 
511 from the first fluid soiurce 501 and fluid delivered to the destination 511 £rom the 
second fluid source 502 is achieved to within approximately plus 2 mL or minus 1 mL. 

10 While the invention has been described in connection with specific embodiments 

tibeteof, it will be understood that it is capable of further modification. This application is 
intended to cover any variation, uses, or adaptations of the invention and including such 
departures firom the present disclosure as come within known or customary practice in the 
art to which tiie invention pertains. 

15 01062yD54WO 247459.1 
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What is claimed is: 

1. A method for delivering a target volume of fluid to a destination, the 
method comprising: 

delivering a first volmne of fluid to the destination in increments each having 
^proximately a first incremental volume, the first volume of fluid being less than the 
target volume; and 

delivering a second volume of fluid to the destination in increments each having 
approximately a second incremental volume, the second incremental volume bemg less 
than the first incremental volume, such that the sum of the jSrst volume and the second 
volume is approximately equal to the target volume. 

2. A method according to claim 1 , wherein delivering the first and second volumes 
of fluid to a destination includes delivering the first and second volumes of fluid 
parenterally to a human subject 

3. A method according to claim 1 wherein the first volume is approximately 
equal to the target volume minus a finish volume, 

4. A method according to claim 3, wherein the second incremental volume is 
less than the finish volume. 

5. A method according to claim 3, wherein the second incremental volume is less 
than one third the finish volume. 

6. A method according to claim 1, wherein delivering the first volimie and second 
volumes of fluid to a destination includes deUvering the first and second volumes of fluid 
to a fluid reservoir. 

7. A method according to claim 1, wherein delivering the first and second volumes 
of fluid to a destination include delivering the first and second volumes of fluid to 
container. r z^;; 

8. A method according to claim 7, wherein the container is a heating bag. 

9. A method according to claim 7, wherein the container is a pmnp chamber. 

10. A system for delivering a target volume of fluid to a destination 
comprising: 

a fluid control module for delivering a first volume of fluid to the deistination in 
increments ^ach having approximately a first incremental volume, the first volume of 
fluid being less than the target volume, and delivering a second volume of fluid to the 
destination in increments each having approximately a second incremental volume, the 
jsecond incremental volume being less than the first incremental volume, such that the 

14 
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sum of the first volume and the second volume is approximately equal to the target 
volume; 

a valve arrangement for controlling fluid commutiication to the destination; and 
a controller for determining the volume of fluid delivered to the destination and 
5 for controlling the valve arrangement and the fluid control module. 

11. A system according to claim 10, wherein the fluid control module delivers the 
first and second volumes of fluid to a human subject^ 

12. A system according to claim 1 1 , wh^in the fliiid control module delivers the 
first and second volumes of fluid parenterally. 

10 13. A system according to claim 10, wherein the fluid control module delivers the 
first and second volmnes of fluid to a fluid reservoir. 

14. A system according to claim 10, wherein the fluid control miodule delivers the 
first and second volumes of fluid to a container. 

15. A system according to claim 14, wherein the container is a heating bag. 

15 16. A system according to claim 14, wherein the container is a pump chamber. 

17. A system according to claim 10, wherein the first volume is 
approximately equal to the target volume minus a finish volume. 

18. A system according to claim 17, wherein the second incremental 
volume is less than the finish volume. 

20 19. A system according to claim 17, wherein the second ihcremehtal volume is less 
than one third the finish value. 

20. A method for siiiiultaneously delivering a target volume of fluid firom two 
sources in a desired ratio to a common desfiiotatioh, t&e method comprising: 

deli veidng a first volume of fluid fr^ 
25 of fluid from a second source to the destiioiation in incremdnts e^h^^ having approximatety 
a first incremental Volunie, the first incri^mentai voluine of fluid being substantialiy less 
than the target volume; 

after delivery of a first incremental volume of fluid firom the first source and the 
second somce, measuring the Volume of fluid deUvered to the ^^^^^^ 
30 source and the volume of fluid delivered to the destination from the second source; 

suspending delivery of the first volume of fluid to the destination when the fest 
Volume exceeds the second vojlume by a predetermined firactiori of the first incremental 
Volume; 

delivering a firsit incremental volume df fluid ftbm the second source; and 
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resuming delivery of the first volume of fluid to the destination. 

21. A method according to claim 20, wherein the first incremental value is less than 
one quarter of the target value. 

22. A liiethod according to claim 20, wherein the desired ration is 1: 1 . 

23. A inethod according to claim 22, wherein the predetermined firaction is one half. 

24. A method according to claim 20, wherein delivering the first and second volumes 
of fluid to a destination includes delivering the first and second volumes of fluid 
parenterally to a human subject. 

25. A method according to claim 20, wherein delivering the first volume and second 
volumes of fluid to a destination includes dehvering the first and second volumes of fluid 
to a fluid reservoir. 

26. A method according to claim 20, wherein delivering the fiarst and second volumes 
of fluid to a destination includes delivering the first and second volumes of fluid to 
container. 

27. A method according to claim 26, wherein the container is a heating bag. 

28. A method according to claim 26, wherein the container is a pump chamber. 

29. A method according to claim 20, further comprising: 

determining that approximately the target volume of fluid has been delivered to 
the destination; 

measuring the volume of fluid delivered to the destination from the first source 
and the volume of fluid delivered to the destination firom the second source; and 

delivering a third volume of fluid from the source; that has delivered a smaller 
volume of fluid to the destination in increments each having ^^proximately a second 
incremental yplume, fl^^^ volume being less than the first incremental 

volume, such thstf the volunae of fluid deU^ to the destin2(doh:irom the first source 
and the yolunie of fluid delivered fix>m the second source are iii approximately the desired 
ratio. 

30. A method according to claim 29, wh^ein the sum of the first volume and 

the second volmhe is approximately equal to the target yolumd'minus a finish yolUme. 

31. A method according to claim 30, wherein the second incremental voltune 
is less than the finish volume. 

32. A method according to claim 30, wherein the second incremental volume is less 
than ohe third the finish volume. 

33. A system for simuitaneoxisly deUvering a target voluihe;^o^^ 
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from two sources in a desired ratio to a common destination, the system comprising: 
a first fluid source; 
a second fluid source; 
a fluid control module for: 

delivering a first volume of fluid from the first fluid source and a 
second volume of fluid firom the second fluid source to the destination in increments each 
having approximately a first incremental volume, the first incremental volume being 
substantially less than the target volume, 

measuring the volume of fluid delivered to the destination firom the first source 
and the volume of fluid delivered to the destination from the second source, 

suspending delivery of the first volume of fluid to the destination when the first 
volume exceeds the second volume by a predetermined fraction of the first incremental 
volume, and 

resuming delivery of the first volume of fluid to the destination; 
a valve axrangenlent for controlling fluid communication between the destination 
and first and second fluid sources; and 

a controller for determining the first and second volumes of fluid, the first 
incremental volume of fluid, and for controlling the valve arrangement and the fluid 
control module. ' 

34. A system according to claim 33, wherein the first incremental volume is less than 
one quarter of the target volmne^ 

35. A system according to claim 33, wherein the desired ratio is 1:1. 

36. A system according to claim 35* wherein the piedet 
apjproxinaateiy 6^^ 

37. A system accbirding to claim 33, wherein the fluid con&(^ Inddule delivers the 
first and second volumes of fluid to a hiraian s^ 

38. A system according to claim 37, wherein the fluid control module delivers the 
first and second volumeis of fluid parentera^^ 

39. A sykem according to claim 33, wherein the fluid control module delivers the 
first and second volumes of fluid to a fluid reservoir. 

40. A system according to claim 33, wherein the fluid control module delivers the 
first and second volumes of fluid to a container. 

41 . A system according to.claiin 40, wherein the container is a heatiDg bag. 

42. A system according, to claim 40, wherein the container is a pump chamber. 
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43. A system according to clainx 33, wherein the controller further 

determines that approximately the target volume minus a finish volume of fluid has been 
delivered to the destination; and 

the fluid control module furthen 
5 measures the volume of fluid delivered to the destination from the first source and 

the volume of fluid delivered to the destination from the second source; and 

delivers a third volume of fluid from the source that has delivered a smaller 
volume of fluid to the destination in increments each having approximately a second 
incremental volume, wherein the second incremental volume is less than the first 
10 incremental volume, such that the volume of fluid delivered to the destination from the 
first source and the volume of fluid delivered from the second source are in 
approximately the desired ratio. 

44. A system according to claim 43, wherein the sum of the first volume and the 
second volume is approximately equal to the target volume minus a finish volume. 

15 45. A system according to claim 44, wherein the second incremental volume is less than 
the finish volume. 

46. A system according to claim 44, wherein the second incremental volume is less than 
one third the finish volume. 

47. A system for delivering a target volume of fluid to a destination 
20 comprising: 

fluid delivery means for delivering a first volume of fluid to die destination in one 
or more first incremental volumes, the first volume of fluid being less diian the target 
volume, and deUvering a second volume of fluid to the destination in one or more second 
incremental voliunes, the second incareinental volume being less than the first incren^ental 
25 volume; v^!^; 

measuring means for measuring the yolume of fluid delivered to the destinatipti; 

and 

control means for controlling the fluid delivery means. 

48. Asystem for simultaneously deUverihg a target volum^fe^^^^ 

30 from two sources in a desired ratio to a common destinatipn, the method comj^rising: 
afirst fluid source^ 
a second fluid source; 
. fluid delivery means for deUvering a first volume of fl^m^^ 
source and a second volume of fluid from the second fluid source to the destination in one 
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or more first incremental volumes, the first incremental volume being substantially less 
than the target volume; 

measuring means for measuring the volume of fluid delivered to the destination 
from the first source and the volume of fluid delivered to. the destination from the second 
5 source; and 

control means for suspending delivery of the first volume of fluid to the 
destination when the first volume exceeds the desired ratio with respect to the second 
volume by a fraction of the first incremental volume and resuming delivery of the first 
volume of fluid to the destination. 
dO 49. A system for simultaneously deUvering a target volume of fluid 

firom two sources in a desired ratio to a common destination, the system comprising: 

a first fluid source; 

a second fluid source; 

fluid delivery means for delivering a first volume of fluid from the first fluid 
15 source and a second volume of fluid from the second fluid source to the destination in one 
or more first incremental volumes, the first incremental volume being substantially less 
than the target volume; 

measuring means for measuring the volume of fluid delivered to the destination 
from the first source and the volume of fluid delivered to the destination from the second 
20 source; and 

control means for suspending delivery of the first volume of fluid to the 
destination when the first voluirie exceeds the second volume by a predetermined fraction 
of the first increniental volume land re£;mmhg delivery of the first yolume of fluid to the 
destination. 

25 50. A system according to claim 49, wherein ttie desired r^b; is 1:1. 

51. A system according to Ipl^im 50, whi^rein die predetermined fraction is 
approximately one half . 

01062«>54Wp 247459.1 
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